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SPECIFICATION 

5 TO ALL WHOM IT MAY CONCERN: 

Be it known that we, JEFFERY W. ADAIR, a citizen of the United 
States of America, resident of Longview, County of Gregg, State of Texas, 
NORMAN R. JONES, a citizen of the United Kingdom, resident of Margam, 
county of Neath, GARY 1. SKIPPER, a citizen of Wales, United Kingdom, 
10 resident of Swansea, county of West Glamorgan, GRAHAM 
MARLBOROUGH, a citizen of Wales, resident of Tondy, county of Mid 
Glamorgan, and JEFFERY MORRIS, a citizen of the United States of 
America, resident of Longview, County of Gregg, State of Texas have 
invented a new and useful improvement in a 

15 

FRICTION MATERIAL HAVING OIL LOCALIZATION SLOTS 



which invention is fully set forth in the following specification. 
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DESCRIPTION 

FRICTION MATERIAL HAVING OIL LOCALIZATION SLOTS 
Technical Field 

5 The present invention relates generally to a friction material. More 

specifically, the invention is directed to a friction material having a plurality 
of oil localization slots. The friction material are useful with power 
transmission-energy absorption assemblies such as clutches, brakes, 
automatic transmissions, limited slip differentials, hoists, synchronizers, 
10 circular bands, discs, and the like end use products. 

Background of the Present Invention 

A friction material is usually composed of sintered metal or fiber mat 
which normally is impregnated with a phenolic resin. The friction material 
1 5 is commonly cut from a continuous strip of rectangular sheeting composed 
of the friction material which is fed through the die or cutting apparatus. 
The friction material may be relatively expensive and, therefore, it is 
desirable to optimize the elimination of waste from the manufacturing 
process. 

20 Further, elimination of waste product from the manufacture process 

assists in meeting compliance standards. The proper disposal of any scrap 
is the focus of increasing regulation by current environmental regulators. 
Any scrap resulting from the cutting process must be disposed of in an 
appropriate manner and, because of the materials from which the friction 

25 facing is manufactured, this disposal is becoming increasingly costly. 

Further, in the interest of optimizing the useful life of the product to 
which the friction material is applied, operational smoothness, and cooling 
efficiency for the end use product, the literature and art relating to friction 
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material provides numerous designs producing a large variety of friction 
facing materials and designs of friction facing materials. A common 
friction facing, currently available is shown by the disclosure of U.S. Patent 
Nos. 4,260,047 and 4,674,61 6 which disclose friction discs, for use with 
5 clutches, which are formed from friction material and produced from the 

joining of a plurality of separate arcuate segments. The arcuate segments 
are pre-grooved to allow cooling oil to flow across the friction facing during 
clutch operation. 

U.S. Patent Nos. 5,094,331, 5,460,255, 5,571,372, 5.776,288, 
10 5,897,737 and 6,019,205 disclose clutch friction plates having a large 
number of friction material segments on the plate. The segments are 
spaced such that an oil groove is provided between every adjacent 
segment. 

U.S. Patent Nos. 3,871 ,934 and 4,002,225 show a friction material 
1 5 wound around the outer periphery disc, such that it overlaps the disc on 
both sides. The overlap is then cut at intervals around the periphery and 
folded onto the surface of the disc. 

U.S. Patent No. 5,335,765, discloses a friction member having sets 
of first grooves and second grooves disposed in a radial plane and inclined 
20 obliquely backwardly in relation to the direction of rotation. 

U.S. Patent Nos. 5,615,758 and 5,998,311 show friction yarn 
facing materials with no grooves, but rather, the warp and fill yarns form 
channels to allow for the flow of fluid therethrough. 

The manufacturing of each of these friction materials produces a 
25 large amount of unused or scrap material. It is, therefore, one object of the 
invention to effectively reduce the amount of scrap remaining after cutting 
of the friction material. 
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It is also desired that the sufficient cooling and lubrication of the 
friction material occur such that smooth engagement and disengagement of 
the end use product is maintained without creating excessive wear on the 
end use product and the friction material. Many prior art friction material 
5 designs incorporate the use of grooves or slot patterns within the facing 

material to achieve the desired cooling and lubrication by allowing the 
passage of a fluid such as oil through the friction facings. Such cooling 
grooves are generally produced from one of three labor-intensive methods. 
One method provides that the friction material is pre-grooved prior to being 

1 0 cut and applied to the clutch plate in a manner such as that shown by U.S. 

Patent No. 4,260,047. Another method of producing grooves utilizes 
configured tooling to compress portions of the friction material during the 
bonding process. The third method involves producing cut grooves in a 
finished friction plate by mounting the plate onto a fixture and passing 

1 5 multiple milling and grinding wheels through the friction material to cut 
distinct grooves of desired depth and definition. 

The common failing of the previous designs of friction materials lies 
in the formation of intricate shapes and designs which consequently leads 
to manufacturing complexities, increased scrap production and the 

20 resultant concerns regarding proper disposal of the scrap. Further, the 
previous friction materials are all individually manufactured to specific types 
of friction clutches and, generally speaking, cannot be used in a wide 
variety of applications. 

It is an object of the present invention to manufacture a friction 

25 material having distinct cooling groove patterns of desired depth and 
definition without the need for secondary operations and attendant 
machinery. 

It is yet another object of the present invention to provide a friction 
material having a plurality of desired grooves therein. 
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Yet another object of the invention is to provide friction material 
having structural advantages designated to produce enhanced production 
perfornnance, and specifically durability, thermal stability, and compression 
set. 

5 Yet a further object of the invention is to produce a friction material 

having the capability of maintaining static pressure and holding dynamic 
fluid flow within the grooves of the friction material during operation of the 
end use product . 

It is another object of the invention to provide a friction material 
10 which is universally applicable to differing types of end use products. The 
friction material are especially useful with power transmission-energy 
absorption assemblies such as clutches^ brakes, automatic transmissions, 
limited slip differentials, hoists, synchronizers, circular bands, discs, and 
the like end use products. 

15 

Disclosure of the Present Invention 

A friction material has a plurality of oil localization slots and, in 
certain embodiments, is a unitary, or continuous strip of material. The 
friction material is oriented on the end use product so as to create desired 

20 lubrication and pumping functions through oil localization slots created in 
the friction material. The orientation of the oil localization slots in the 
friction material achieves a desired direction of oil flow radially into or out 
of the end use product and also creates a desired amount of hydrostatic 
pressure. The size of the friction material and the shape, spacing and 

25 orientation of the oil localization slots all operate to control the degree of 
fluid pumping, the hydrostatic pressure, and the amount of cooling of the 
end use product. 

In one aspect, the present invention describes a friction material 
which is blanked with a desired number of oil localization slots as a straight 
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strip of material and then is wound circumferentially to cover a face of the 
an end use product such as a synchronizer. 

In another aspect, the present invention describes a friction material 
which is blanked with a desired number of oil localization slots as a straight 
strip of material and then is at least partially placed over the desired 
sections of the end use product. 

In one preferred aspect, the oil localization slots have a generally 
"tear drop"-shape where each oil localization slots has an apex which is 
rounded and has an opening that is narrower than the width of the oil 
localization slot at its widest. In a preferred aspect, the apex has a 
generally circular shape which allows the oil to be held in the slot. The 
unique geometry of the tear-drop slot and its apex promotes both desirable 
retention and wiping, or clearing, of the oil from the friction surface 
interface during use. 

In another preferred aspect, the oil localization slots have a generally 
"dovetail", or triangular-shape where each oil localization slots has an apex 
which is generally flat and has an opening that is narrower than the width 
of the oil localization slot at its widest. In a preferred aspect, the apex has 
a generally flat shape which allows the oil to be held in the slot. The 
unique geometry of the dovetail, or triangular, slot and its apex promotes 
both desirable retention and wiping, or clearing, of the oil from the friction 
surface interface during use. 

The oil localization slots define wiping edges that are used for 
clearing the oil from the friction surface during use. This allows the friction 
material and the mating component to generate a frictional contact and 
resulting torque between the two components. This frictional surface is the 
interface of contact side of the friction material and the mating component. 
For example, in certain synchronizer embodiments, the mating component 
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is either the gear cone or connecting components of a multi cone 
synchronizer. 

In certain embodiments, the oil localization slots are "full depth" 
such that there is no fluid flow from one end of the slot to the other end of 
5 the slot. 

One criterion in determining the shape, spacing and orientation of the 
oil localization slots in the friction material of this invention is the ratio of 
the circumference (360 ) to the desired number of grooves in the length of 
friction material to be placed on the end use product. That is, 360 

10 number of grooves = radial angle of each oil localization slot. 

As the performance requirements for end use products becomes 
more stringent, the end use products must be able to provide high torque 
at high surface speeds thereby operating efficiently at high temperatures. 
This performance requirement therefore demands more expensive, higher 

15 performance materials for use as the friction material. Thus, as the 
material costs increase, the present invention provides for an efficient 
method to produce a friction material which minimizes the friction surface 
area while simultaneously striving to maintain cooling and lubrication 
requirements. The oil localization slotted friction material allows for greater 

20 heat dissipation within the end use product which is necessary to meet the 
desired performance standards. 

In the method of making the end use product of the present 
invention, a strip of friction material is blanked out, or notched, with the 
desired geometry defining each oil localization slot. The blanked out strip 

25 of friction material is cut to a desired length. 

Thereafter, the friction material is adhered to the end use product in 
a desired manner. One method for adhering the oil localization slotted 
friction material to the end use product involves using a thermosetting 
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adhesive coated on the end use product. Thereafter, the friction material 
and end use product are heated in a suitable manner. 

The various embodiments of the present invention will be more 
readily understood, in their application to the objectives of this invention by 
5 reference to the accompanying drawings and the following description of 

the preferred embodiments of the invention. 

Brief Description of the Drawings 

Fig. 1 is a top schematic plan view of a strip of an oil localization 
10 slotted friction material disposed in an arcuate shape where the slots have 
a tear-drop shape. 

Fig. 2 is a top schematic plan view of a strip of an oil localization 
slotted friction material disposed in an arcuate shape where the slots have 
a dovetail shape. 

15 Fig. 3 is a schematic view of oil localization slots in the friction 

material of Fig. 1 on a schematic illustration of an end use product such as 
a synchronizer. 

Fig. 4 is a schematic view of oil localization slots in the friction 
material of Fig. 2 on a schematic illustration of an end use product such as 
20 a synchronizer. 

Detailed Description of Preferred Embodiments 

An end use product is schematically shown in the figures herein as 
8. In embodiments where the end use product is a synchronizer, the 
25 product 8 generally has a frustoconical member 9 having an outer surface. 

In particular, the present invention relates to a friction material which 
is preferably adhered to the outer surface of the end use product. The 
friction material has a plurality of connected sections and a plurality of oil 
localization slots where each connected section is defined by adjacent slots 
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in the friction material. Each slot has opposing sides that define a reservoir 
which retains fluid in the oil localization slot when the friction material is 
formed into a circular shape. 

The unique oil localization slotted geometry of the friction material of 
5 the present invention provide a resulting oil groove having a desired width 
and an oil reservoir, as will be described in detail below. In certain preferred 
embodiments, the friction material contains from about 1 2 to about 20 and 
preferably about 15 slots in a desired length of friction material. In other 
embodiments, the number of slots depends upon the desired configuration 
10 of the end use product and operating conditions under which that product 
will be used. 

Referring now to Figs. 1 and 3, one embodiment of a friction 
material 10 of the present invention is shown. The friction material 10 is 
produced from a continuous strip of a suitable friction material such as a 

1 5 sintered metal or fiber mat impregnated with a resin as described above. 

The friction material 1 0 has a shape which is die cut so as to use nearly all 
of the available friction material during the blanking or cutting process. 

The friction material 1 0 has an outer edge 1 4, an inner edge 1 6, and 
a plurality of connected sections 1 8 which are defined by a desired number 

20 of oil localization slots 20. The friction material 10 thus comprises a 
plurality of attached sections 18 separated by individual slots 20. In the 
embodiment shown, the friction material 10 has alternating slots 20 and 
20' which alternately radiate from the inner edge 1 6 in a direction toward 
the outer edge 14 or radiate from the outer edge 14 in a direction toward 

25 the inner edge 1 6, respectively. 

Figs. 1 and 3 show one preferred embodiment where each slot 20 
has a generally tear-drop shape such that the a first side 22 and a second 
side 23 of the slot 20 each has substantially the same curved, or arcuate 
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shape; that is, the sides 22 and 23 of each slot 20 extend at the sanne, yet 
opposing, angle from the inner edge 16 toward the outer edge 14. 

The desired number of slots 20 in a friction material 10 is 
determined by the end use application and can be is determined by dividing 
the 360 by the amount of space between adjacent slots to give the 
number of oil localization slots desired. For example, in the embodiment 
shown in the figures herein, 360 24 = 1 5 oil localization slots. 

The sides 22 and 23 of the slot 20 define a groove, or gap, 24. 
When the friction material 10 is in a circular shape on the end use product 
8 , the groove 24 has a width that varies along the length of the sides. In 
the embodiment shown in Figs. 1 and 3, the width of the groove 24 is at 
its widest point at a midpoint along the sides 22 and 23. The length of the 
widest point of the groove 24 is defined by a first distance (D1 ). Thus, the 
distance D1 is measured at the groove's widest point. The sides 22 and 23 
of the slot 20 each terminate at opposing ends 26 and 27, respectively. 
The ends 26 and 27 define an opening 28 having a width that is defined by 
a second distance D2. The second distance D2 is shorter than the first 
distance D1 , 

The oil localization slot 20 terminates at an apex 30. In the 
embodiment shown in Figs. 1 and 3, the apex 30 has a substantially 
rounded, or circular, shape. In other embodiments, however, it should be 
understood that other shapes such as oval, elliptical and the like are also 
useful and, as such, are within the contemplated scope of the present 
invention. 

The apex 30 has a distal end 34 which terminates at a preferred 
distance (H) from either outer edge 1 4 or the inner edge 1 6, depending on 
which slot is being examined. The distance H defines a bridge section 32 
of the friction material 10. The bridge section 32 extends between the 
distal end 34 of the apex 30 and either the outer edge 1 4 or the inner edge 
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16. In the embodiment shown, the distance H of one slot 20 extends 
beyond an adjacent distance H' on an adjacent slot 20', 

The bridge section 32 preferably has the above described desired 
geometry since, if the bridge section 32 is too large, the friction material 
5 tears inconsistently, and, if the bridge section 32 is too small, the friction 

material is too weak. The shape of the apex 30 allows for controlled and 
consistent forming of the friction material 10. 

The sides 22 and 23 of the slot 20 are configured to create a desired 
fluid flow pattern in the groove 24 when the friction material 10 is 

10 circumferentially adhered to the end use product 8. The sides 22 and 23 
and the apex 30 of the radially extending grooves 24 create a fluid 
reservoir 36 which provides a desired hydrostatic pressure as fluid flows 
into the groove 24 and terminates in the apex 30. This oil reservoir 36 in 
the groove 24 and apex 30 assists in operating the end use product 8. 

15 In each of these embodiments, the pressure created in the reservoir 

36 in the groove 24 between the sides 22 and 23 of the oil localization slot 
20 provides an appropriate pumping action to press fluid into the groove 
24, thereby creating a pressure head in the groove 24 and in the apex 30. 
The length of the distances D1 and D2 are determined by calculating 

20 the desired amount of cooling fluid flow desired and the amount of 
pressure build-up desired. The friction material 1 0 of the present invention 
is easily adaptable to pumping oil radially in or radially out of the reservoir 
36 depending on the orientation of the oil localization slots. The friction 
material produces a pressure build up in the oil localization slots 20. The 

25 friction material is universally applicable to any desired objective, depending 
on its relative orientation and the direction of rotation of the end use 
product. 

The oil localization slots have a desired specific shape in order to 
direct the flow of oil into the oil reservoir 36. The oil is then partially held in 
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the reservoir 36 and prevented from flowing back out and away from the 
friction surface by the retention side of the slot. This retention side is 
determined by the direction of rotation of the end use product; that is, in 
the Fig. 1 , the direction of rotation is generally shown by the arrow A. The 
5 retention side of the slot 20 is the leading edge of the slot 20, and a 

wiping, or clearing, edge is the trailing edge of the slot 20. Thus, in the slot 
20', the retention edge is 23' and the wiping, or clearing, edge is 22'. It is 
to be understood that, in certain embodiments, the retention and wiping 
edges are determined by the direction of rotation of the end use product. 

10 The wiping edges of the slots 20 are used for clearing the oil from the 
friction surface during use. For example, when the friction material is used 
with a synchronizer, this allows the friction material and mating component 
to generate a frictional contact and resulting torque between the two 
mating components, which can be either the gear cone of connection 

1 5 components of a multi cone synchronizer. 

It is thus desired that the opening 28 be narrower than the width of 
the slot 20 so that the reservoir 36 is formed. The small amount of oil 
maintained at the friction surface assists in cooling the interface 
temperature during the use of the product. The edges 26 and 27 are 

20 spaced apart, thus allowing the slot 20 to be opened at the opening 28, 
whereby the oil can also migrate into the friction material itself if the 
friction material is made of a porous material. This migration of oil into the 
friction material itself also assists in reducing the operation temperatures of 
the end use product. 

25 Referring now to Figs. 2 and 4, another embodiment of a friction 

material 1 1 0 of the present invention is shown. The friction material 1 1 0 
is produced from a continuous strip of a suitable friction material such as a 
sintered metal or fiber mat impregnated with a resin as described above. 
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The friction material 110 has a shape which is die cut so as to use nearly 
all of the available friction material during the blanking or cutting process. 

The friction material 110 has an outer edge 1 1 4, an inner edge 116, 
and a plurality of connected sections 118 which are defined by a desired 
5 number of oil localization slots 120. The friction material 110 thus 
comprises a plurality of attached sections 1 1 8 separated by individual slots 
120. In the embodiment shown, the friction material 1 10 has alternating 
slots 1 20 and 1 20' which alternately radiate from the inner edge 1 1 6 in a 
direction toward the outer edge 1 1 4 or radiate from the outer edge 1 1 4 in 

10 a direction toward the inner edge 1 16, respectively. 

Figs. 2 and 4 show one preferred embodiment where each slot 1 20 
has a generally triangular, or dovetail, shape such that the a first side 1 22 
and a second side 1 23 of the slot 1 20 each extends at substantially the 
same angle from a line defined by the inner edge 1 1 6; that is, the sides 

15 122 and 123 of each slot 120 extend at the same, yet opposing, angle 

from the inner edge 1 16 toward the outer edge 1 14. 

The desired number of slots 1 20 in a friction material 1 1 0 is 
determined by the end use application and can be is determined by dividing 
the 360 by the amount of space between adjacent slots to give the 

20 number of oil localization slots desired. For example, 360 24 = 15 oil 
localization slots. 

The sides 1 22 and 1 23 of the slot 1 20 define a groove, or gap, 1 24. 
When the friction material 1 1 0 is in a circular shape on the end use 
product, the groove 1 24 has a width that varies along the length of the 

25 sides. In the embodiment shown in Figs. 2 and 4, the width of the groove 
124 is at its widest point at an end or distal point of the sides 122 and 
1 23. The length of the widest point of the groove 1 24 is defined by a first 
distance (D1). Thus, the distance D1 is measured at the groove's widest 
point. The sides 1 22 and 1 23 of the slot 1 20 each terminate at opposing 
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ends 1 26 and 1 27, respectively. The ends 1 26 and 1 27 define an opening 
128 having a width that is defined by a second distance D2. The second 
distance D2 is shorter than the first distance D1 . 

The oil localization slot 120 terminates at an apex 130. In the 
5 embodiment shown in Figs. 2 and 4, the apex 1 30 has a substantially flat 

shape such that the sides 1 26 and 1 27 and the apex 1 30 from a dovetail, 
or triangular shape. In other embodiments, however, it should be 
understood that other shapes such as pentagons and the like are also 
useful and, as such, are within the contemplated scope of the present 

10 invention. 

The apex 1 30 has a distal end 1 34 which terminates at a preferred 
distance (H) from the either outer edge 114 or the inner edge 116, 
depending on which slot is being examined. The distance H defines a 
bridge section 132 of the friction material 1 10. The bridge section 132 

1 5 extends between the distal end 1 34 of the apex 1 30 and either the outer 
edge 1 1 4 or the inner edge 1 1 6. In the embodiment shown, the distance H 
of one slot 1 20 extends beyond an adjacent distance H' on an adjacent slot 
120'. 

The bridge section 1 32 preferably has the above described desired 
20 geometry since, if the bridge section 1 32 is too large, the friction material 
tears inconsistently, and, if the bridge section 1 32 is too small, the friction 
material is too weak. The shape of the apex 1 30 allows for controlled and 
consistent forming of the friction material 110. 

The sides 1 22 and 1 23 of the slot 1 20 are configured to create a 
25 desired fluid flow pattern in the groove 1 24 when the friction material 1 1 0 
is adhered to the end use product. The sides 1 22 and 1 23 and the apex 
130 of the radially extending grooves 124 create a fluid reservoir 136 
which provides a desired hydrostatic pressure as fluid flows into the groove 
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1 24 and terminates in the apex 1 30. This oil reservoir 1 36 in the groove 
1 24 and apex 1 30 assists in operating the end use product. 

In each of these embodiments, the pressure created in the reservoir 
136 in the groove 124 between the sides 122 and 123 of the oil 
localization slot 1 20 provides an appropriate pumping action to press fluid 
into the groove 1 24, thereby creating a pressure head in the groove 1 24 
and in the apex 1 30. 

The length of the distances D1 and D2 are determined by calculating 
the desired amount of cooling fluid flow desired and the amount of 
pressure build-up desired. The friction material 110 of the present 
invention is easily adaptable to pumping oil radially in or radially out of the 
reservoir 1 36 depending on the orientation of the oil localization slots. The 
friction material produces a large pressure build up in the oil localization 
slots 120. The friction material is universally applicable to any desired 
objective, depending on its relative orientation and the direction of rotation 
of the end use product. 

The oil localization slots have a desired specific shape in order to 
direct the flow of oil into the oil reservoir 1 36. The oil is then partially held 
in the reservoir 36 and prevented from flowing back out and away from the 
friction surface by the retention side of the slot. This retention side is 
determined by the direction of rotation of the end use product; that is, in 
the Fig. 2, the direction of rotation is generally shown by the arrow A. The 
retention side of the slot 1 20 is the leading edge of the slot 1 20, and a 
wiping, or clearing, edge is the trailing edge of the slot 1 20. Thus, in the 
slot 120, the retention edge is 123 and the wiping, or clearing, edge is 
122. It is to be understood that the retention and wiping edges are 
determined by the direction of rotation of the end use product within the 
transmission. The wiping edges of the slots 1 20 are used for clearing the 
oil from the friction surface during use. This allows the friction material and 
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mating component to generate a frictional contact and resulting torque 
between the two mating components, which, in the example of a 
synchronizer, can be either the gear cone of connection components of a 
multi cone synchronizer. 
5 It is thus desired that the opening 1 28 be narrower than the width of 

the slot 1 20 so that the reservoir 1 36 is formed. The small amount of oil 
maintained at the friction surface assists in cooling the interface 
temperature during use. Since the edges 1 26 and 1 27 are in a spaced apart 
relationship, thus allowing the slot 20 to be opened at the opening 1 28, 

10 the oil can also migrate into the friction material if friction material is made 
of a porous material. This migration of oil into the friction material itself 
also assists in reducing the operation temperatures of the end use product. 

It is also within the scope of the present invention that the friction 
material can have at least one of the oil localization slots which defines a 

1 5 first radially extending side which extends at a first angle from a first edge 
of the friction material and further defines a second, opposing radially 
extending side which extends at a second angle from the first edge of the 
friction material. 

In certain preferred embodiments, the slots 20 and 120 are cut 
20 through the full thickness of the friction material. This full cut generates a 
large cross sectional are of the wiping surface. The cross sectional area is 
considerably larger than that of conventional post bonding grooving 
operations that are either cut or pressed into the friction material. In these 
latter two cases, the grooving is around 35-40 % of the final friction 
25 material thickness such that the actual "wiping area" is considerably less 
than it would be if it were through the full thickness of the friction material. 
In the present invention, the actual wiping areas of the grooves 24 are now 
considerably larger than that of convention grooving in the conventional 
friction materials. 
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Another benefit is that, with the present invention, there is no longer 
a requirennent for the same number of grooves for a given diameter of 
friction area. When fewer grooves are required, there is a greater effective 
friction surface area maintained. 
5 Yet another benefit is that, for the same operating parameters, the 

specific loading or energies on the friction material during use are lowered 
which, in turn, improves the thermal stability, compression set, and 
durability of the friction material. Further, when comparing the friction 
material of the present invention with a convention friction material having 

10 the same diameter, the friction material of the present invention has 
increased operating parameters. 

The oil localization slotted friction material can be manufactured 
consistently using the blanking, assembly and bonding methods as 
generally known, and thus need not be described herein. The 

1 5 manufacturing process can be performed separately in batches or can be 
integrated into a fully automated process. An automated process results in 
further significant cost reductions due to the efficient use of friction 
material, and also due to the low cost of the machine assembly as 
compared to a labor-intensive manual process. 

20 Yet another advantage of the present invention is that the full depth, 

dead end oil grooves created by the slots blanked into the strip of friction 
material eliminate the need for separate (and expensive) mill grooving or 
molding operations. 

The above descriptions of the preferred and alternative embodiments 

25 of the present invention are intended to be illustrative and are not intended 
to be limiting upon the scope and content of the following claims. 



